2*5, and DNP caused a smaller or no further increase of respiration.
Mitochondrial preparations from mammalian kidney, as Green, Loomis & Auerbach (1948) have shown, are capable of oxidizing pyruvate to completion and this reaction can be coupled with the phosphorylation of adenosinemonophosphate (AMP) or adenosinediphosphate (ADP). Experiments reported in this paper show that the oxidation of pyruvate stops under some conditions at the level of acetate. The factors that control complete and partial oxidation were investigated in detail because an experimental separation of the various steps of pyruvate oxidation is necessary in studies of the quantitative aspects of oxidative phosphorylation, a problem to be dealt with in a subsequent paper. EXPERIMENTAL Colledtion of material. In the first experiments abattoir material was collected under ice and water. Later it was found that placing the tissue in a mixture of liquid and frozen 0 9 % (w/v) aqueous KCI prevented the oedema which occurred in ice and water. Under 3 min. elapsed between the killing of the animal and immersing the kidney in the Biochem. 1953, 53 20 ' cooling mixture in the case of sheep, and 20 min. in the case of cattle. Active preparations were obtained from both species.
Homogenates from kidneys kept in iced KCl for 24 hr.
before homogenizing were as active as those prepared from fresh kidney. As about 50 g. of tissue are required for an experiment, abattoir kidney is more convenient and cheaper than rabbit kidney. Preparation of the homogenate. Three methods were used. The first (preparation I) was similar to the preparation of 'cyclophorase' according to Green et al. (1948) and their method of naming the homogenate R1, R2, etc., according to the stage of washing,was also adopted. Theperiodof storage of the kidney before homogenizing in cold KC1 is indicated by a superscript giving the times in hours, e.g. R'4-. The residue at the stage chosen was suspended in the required amount of ice-cold 0 9 % KCI and if necessary stored up to 3 hr. at 0°until it was used.
The second method (preparation II) aimed at reducing the blank respiration and consisted in centrifuging the material obtained by homogenizing in a Waring Blendor, for 2 min. at 700g and discarding the precipitate. The supernatant was then treated as in the first method.
The third method (preparation III) was used when a preparation consisting almost entirely of mitochondria was required. Kidney cortex (25 g.) was minced and homogenized at 0°with a mixture of 70 ml. ice-cold 0-25m-sucrose and 1 ml. x-NaOH in a stainless-steel homogenizer of the Potter-Elvehjem type. The resultant mixture was centrifuged at 00 and 700 g for 10 min. The residue was discarded and 8 ml. 1 5N-KCI were added to the supernatant. The mixture was thoroughly stirred and then treated as in the first method.
General properties of the homogenates. The material spun down at the R, stage was a yellowish brown gel which became progressively lighter in colour with successive washings, and showed in general the properties ofthe rabbit 'cyclophorase' described by Green et al. (1948) .
All (Krebs & Johnson, 1937) . Acetic acid was estimated by a distillationdiffusion method, utilizing principles introduced by Conway & Downey (1950) and Kirk (1950) . It is based on the fact that the addition of anhyd. Na2S04 increases the tension of acetic acid in solution (Conway & Downey, 1950) and thereby facilitates its distillation in a distillation-diffusion unit (Kirk, 1950) . The units were adapted from Thunberg tubes and are of the shape shown in Fig. 1 . The distillation bulb was halffilled with anhyd. NaSO4 ; 0-2-0-5 ml. ofthe acetate solution acidified with 2 N-H25O04 was then pipetted on top of the layer of Na,SO4. Distilled water (1 ml.) and one drop of indicator (phenol red) were pipetted into the receiver and the assembled unit evacuated. The units were then placed in the apparatus as shown in Fig. 2 . The temperature of the distillation bulb was maintained at 50°and the receiver was cooled in ice. Under these conditions acetic acid was quantitatively transferred from the distillation bulb to the receiving tube in 20 min. At the end of this time the vacuum was released, the receiving tube removed, the sides rinsed with a little distilled water and its contents titrated with 0-01 N-Ba(OH)2 free from carbonate.
Bromothymol blue (Conway & Downey, 1950) was first used as indicator but was later replaced by phenol red which gave sharper end points. The method measures all volatile acids and under the conditions used pyruvic and hydrochloric acids gave positive results. These two acids were therefore rendered non-volatile by the addition of 0-2 ml. 0-1M-2:4-dinitrophenylhydrazine in 2N-H2SO4 and 0-1 ml. M-AgClO4, respectively, to 1 ml. of the solution to be analysed. A measured sample of the mixture, usually 0-5 ml., was then used for distillation. The precipitation of pyruvate and chloride may be carried out in the distillation bulb, Na2SO4 being added later, provided the total volume of liquid is not too large. Up to 0-5 ml. of liquid in the distillation bulb was found to be satisfactory for this procedure. A blank distillation of all reagents gave values of about 0-001-0-002 ml. 0-01 N-Ba(OH)2 depending mainly on the contamination of the laboratory atmosphere. Recovery data are shown in Table 1 .
RESULTS
The ratio of oxygen con2umption to pyruvate utilization and acetate formation The effect of substrate concentration. As shown by Green et al. (1948) , rabbit-kidney 'cyclophorase' oxidizes pyruvate to carbon dioxide and water. Under their conditions the ratio oxygen uptake/ pyruvate consumed, hereafter referred to as 02/ pyruvate ratio, was 2-5, which indicates complete oxidation. Under the same conditions this ratio was as low as 1-5 in sheep-or cattle-kidney preparations (Table 2 ). A series of identical Warburg vessels was set up containing 0-2 ml. 0-1M-NaHCO3 and pyruvate besides the standard additions. The side bulb contained 0-2 ml. 3M-acetate buffer, pH 5-0. The vessels were kept at 00 until they were assembled and put in the bath. The 02 uptake was measured and the reaction was stopped in successive vessels at intervals by adding the acetate buffer from the side bulb. The vessels were removed from the bath, the soda swabbed out from the centre wells, and after rinsing the centre wells with 2N-H2SO,4 and drying, 1 ml. portions of yeast carboxylase were put in the side bulbs and sticks of P in the centre wells.
The manometers were reassembled, gassed with N2 and the C02 output on mixing was measured.
The results (Table 3) Green et al. (1948) to give a final concentration of 0-O125M (1120 ,l./4 ml.). Lowering the concentration to 0-0025M (224 pd./4 ml.) resulted in a marked decrease of the rate of oxygen uptake in the presence of pyruvate, and in the 02/pyruvate ratio ( Table 5 ). The following experiments were carried out to decide whether the effect of bicarbonate was due to a change in the pH of the medium or to a direct action, such as participation in the carboxylation of pyruvate to oxaloacetate.
Effect of pH. To control the pH of the media containing bicarbonate, the experiments were carried out at a constant carbon dioxide pressure, maintained by diethanolamine-carbon dioxide buffers (Pardee, 1949; Krebs, 1951 Effect of bicarbonate concentration at constant pH. Diethanolamine-carbon dioxide buffers were again used. In the range tested (0-0.01354M), increasing concentrations of bicarbonate raised Qo2 in all experiments; the magnitude of the effect varied and depended on the level of the blank respiration. When the blank of preparation I was relatively high the increase on addition of bicarbonate at pH 7'4 was relatively small. Preparation II gave lower blanks, and generally a greater increase in respiration on addition of bicarbonate than preparation I. Illustrative data are shown inTable 7. Themaximum increase caused by bicarbonate was over 100 %. The effect of bicarbonate can be demonstrated at different pH values (Table 8 ), but the magnitude of the effect varies with the pH. The same concentration of bicarbonate (0.00752M) increased the rate by 258% at pH7-0, 119% at pH7-6 and 30 % at pH 8-0.
The replacement of bicarbonate by fumarate in the oxidation ofpyruvate. Green et al. (1948) stated that either bicarbonate or a member of the citric acid cycle was necessary for the oxidation of pyruvate by rabbit-kidney cyclophorase. The relative efficiencies of fumarate and bicarbonate in promoting pyruvate oxidation by preparations I and III were tested at constant pH. At pH 7 0 and 7 6 additions of either 0*0075M-bicarbonate or 0-00025M-fumarate increased respiration of preparations I and III, the effects being about equal during the first half hour 309 VoI. 53 Table 7 . The effect of bicarbonate at pH 7*4 on the oxygen uptake of sheep-kidney homogenates (Conditions as in Table 6 . High blank means that the Q02 was 40-60% of the ' low blank means that Qo, was less than 10%.) NaHCO3 CO2 in Exp.
conen.
gas phase no.
Type of preparation (M) Table 6 VoI. 53 311 of incubation. On incubation beyond 30 min. bicarbonate was more effective at pH 7 0 or 7-6 than fumarate. At pH 8.0 increases were not always observed, but when they occurred both bicarbonate and fumarate had again about the same effects (Table 9) .
Oxidation of pyruvate without added bicarbonate orfumarate Washed sheep-kidney homogenates were found to be capable of oxidizing pyruvate without added bicarbonate or fumarate, especially at a high pH (Tables 7-9 ). In some experiments the O2/pyruvate ratio was measured and values of 0-69-1-09 were obtained (Table 10 ). This means that 70-5-90-5 % of the pyruvate utilized was oxidized to acetate, while the remainder was completely oxidized.
DISCUSSION
According to the experimental conditions the oxidation of pyruvate in kidney homogenate may be complete, or lead to the formation of acetate. An aerobic formation of acetate from pyruvate has been demonstrated before in brain homogenates, but not in the homogenates of other animal tissues (Ochoa, 1951) . Whether the oxidation is complete or incomplete depends on the pyruvate concentration and on the concentration of bicarbonate or a precursor of oxaloacetate. Complete oxidation of pyruvate is obtained in the presence of 0-0075M-bicarbonate or 0 00025M-fumarate and a low concentration (0.0025M) of pyruvate. High pyruvate concentrations, above 0-0025M, and low bicarbonate concentrations result in incomplete oxidation and formation of acetate. Increase of pH has an effect similar to, but smaller than, the effect of bicarbonate. Under the conditions used by Green et al. (1948) it is not possible to say how much of the stimulation of respiration obtained was due to bicarbonate and how much due to changed pH.
The relative ineffectiveness of bicarbonate at pH 8-0 is probably due to the saturation of the tissue with endogenous bicarbonate and carbon dioxide. This would also account for the comparatively high O2/pyruvate ratio at pH 8-0 without added bicarbonate. It appears probable that bicarbonate has no special role in the -oxidation of pyruvate by rmitochondria other than as supplier of carbon dioxide for carboxylation. SUMMARY 1. The preparation and properties of respiring particulate preparations from homogenized sheep and ox kidney are described. Kidneys yielded fully active preparations after storage in frozen 0-9 % potassium chloride for 24 hr.
2. The estimation of volatile acid (acetate) by the use of a distillation-diffusion apparatus is described.
3. Complete oxidation of pyruvate occurred only when bicarbonate (0-0075M) or fumarate (0-00025M) was present and the concentration of pyruvate was below about 0-0025m.
4. Under other conditions the oxidation of pyruvate was incomplete and acetic acid accumulated.
5. Bicarbonate increased the rate of oxygen uptake at pH 7-0, 7-4 and 7-6 but not consistently at pH 8-0. The increased oxygen uptake was accompanied by a reduction in the accumulation ofacetate. Increase of pH from 7-0 to 8-0 had an effect similar to, but smaller than, that of bicarbonate.
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